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Abstract 
The distribution of schistosomiasis has obvious regional characteristics. As the only intermediate host of 
schistosomiasis, Oncomelania’s breeding and distribution influence the prevalence and transmission of schistosomiasis 
directly. The cercaria of Schistosoma has a significant seasonal variation in Poyang Lake. This paper selects 
molluscicidal Oncomelania statistics, temperature, and precipitation of eight epidemics of schistosomiases in Poyang 
Lake. It constructs schistosomiasis transmission index prediction model of Poyang Lake to predict the propagation of 
Schistosomiasis. It analyzes the spatial variation of Oncomelania islet making use of Theil coefficient. Then, it analyzes 
the epidemic of Schistosomiasis spatial and temporal distribution features making use of GIS, Excel and SPSS in 
Poyang Lake based on climate changes. The results have shown that, the rapid increase of population in epidemic is not 
only related to the change of temperature and precipitation in each county, but also related to temperature positively and 
precipitation inversely in Poyang Lake. The transmission of Schistosomiasis is not only of great differences in time but 
also in scale with large district and spatial variation in Poyang Lake Region. Appropriate habitat of Oncomelania and 
schistosoma has been moving northward, which maybe result in the transmission of schistosomiasis moving northward. 
Further impacts on the epidemic situation of schistosomiasis spread in Poyang Lake Region. 
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Introduction 
In recent years, schistosomiasis presents spreading tendency. It is found that prevalence and transmission of 
Schistosomiasis is closely related to climate factor-such as temperature, light, rainfall and humidity, and it 
is obviously regional distribution [2]. It is mainly distributed in the area of 8 counties including of 160 
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townships and towns in Poyang Lake. The number of population infected exceeds 400 million in epidemic 
area. Affected by temperature and precipitation, the scope of activities and the proliferation of 
Oncomelania capacity are constrainted. Geographical distribution has certain local characeristics. 
Oncomelania-as the only intermediate host of schistosomia- directly influences the prevalence and 
transmission of schistosomiasis. The cercariae of schistosoma have a significant seasonal variation in 
Poyang lake zone. The analysis of spatial and temporal characteristics of the epidemic of schistosomiasis 
has a scientific significance Features in Poyang Lake region. The research result will provide assistance for 
schistosomiasis monitoring and control in Poyang Lake region. 
Research area, materials and methods 
Summary of research area. Poyang Lake is located in northern Jiangxi Province in chinaˈand in the 
junction of middle and lower reaches of the Yangtze. “A summer flood and winter low water line”. Because 
each year the Five Rivers flood into the lake during April to June, and "intrusion" of the superposition the 
Yangtze River Flood during July to September , so the duration of the flood for six months[1]. Because of  
the water level of Poyang Lake's seasonal cycle, that leads to islet alternating seasonal flooding exposing. 
Oncomelania distribution in seasonally flooded areas in Poyang Lake region, and seasonal fluctuations 
provide conditions for growth and development of Oncomelania. Meanwhile the lake area with a wide flat 
grassland bottomland provide for a good places to Oncomelania breeding. These are 8 counties along the 
lake in Lacustrine type schistosomiasis endemic areas, including Nanchang, Xinjian, Jinxian, Poyang, 
Yugan, Yongxiu, Xingzi and Duchang. In summary, Schistosomiasis in the Poyang Lake became one of the 
most serious endemic areas in China. 
Data sources. In this paper, we select from eight endemic of schistosomiasis areas - including Nanchang, 
Xinjian, Jinxian, Poyang, Yugan, Yongxiu, Xingzi and Duchang - the average annual temperature and 
annual precipitation data from 1961 to 2008. Then we utilize Excel and SPSS software to analyze 
temperature and precipitation changes, and its relationship with schistosomiasis. Also we calculate monthly 
potential evapotranspiration rate of 8 counties by the meteorological data from 1992 to 2008 in Poyang 
Lake region. We construct the model of schistosomiasis transmission index in Poyang Lake region, by 
means of monthly rainfall, monthly average temperature, basic temperature of schistosoma growth and 
development, potential evapotranspiration rate etc. factors. Then we analyze the index changes of each 
region in Poyang Lake area. Besides we create information distribution schistosomiasis transmission index 
map in Poyang Lake region making use of ArcGIS software. We collect and collate data which come from 
Duchang County schistosomiasis station and State Key Laboratory of Remote Sensing Science, Chinese 
Academy of Sciences of finishing Oncomelania distribution data in other area. Also we search molluscicide 
data from 2003 to 2009 in Poyang Lake region. Ultimately we analyze the overall spatial distribution of 
Oncomelania between islet, regional differences and their impact on the overall regional differences in 
Poyang Lake region, combined with the Theil coefficient. 
Methods 
ķ Exponential model of schistosomiasis transmission in Poyang Lake region 
It grows and develops from miracidium to cercariae taking up to 60 days, reproductive stage of 
schistosomiasis in the Oncomelania body. When temperature is 20ć-25ć, it is suitable for schistosomia 
survival and optimal growth in the Oncomelania body[3]. The spread of schistosomiasis is close to the main 
diffusion water. Therefore, we calculate the Exponential model of schistosomiasis transmission (EMST) by 
modified Malone formula [4], based on the temperature and potential evaporation rate (surface water 
balance system). EMST is updated as  
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EMST=GDD1+ GDD2˗ 
GDD1= GDD×D1˗ 
GDD2=(GDD×D2)×(R-PER)/25˗ 
Where R is monthly rainfall; PER is Potential evapotranspiration rate; GDD is monthly mean 
temperature - basic temperature of Schistosoma growth and development (18°C); D1 is the number of days 
each month; GDD1 is the accumulation of the number of days appropriate Schistosomiasis growth and 
development; GDD2 is Oncomelania spread around, When rainfall exceeds the water absorption capacity of 
surface soil water appears (surface to 25mm). 
Potential evapotranspiration rate (PER) refers to the temperature and water balance of an integrated 
climate index. Generally it used to characterize and evaluate indicators of climate control. Potential 
evapotranspiration rate is calculated as [5-7]  
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Where TEM˄j˅is the j-day which is the sum of the daily temperature above 0 ć and below 30 ć; P
˄j˅is the j-day rainfall. Meanwhile it deletes daily precipitation when it’s greater than or equal to 
30000mm- measured by daily precipitation for the missing. 
ĸ Theil coefficient 
Theil coefficient is more bigger then the regional greater differences; and vice versa [8, 9].We search 615 
sample molluscicide data from 2003 to 2009 in Poyang Lake region, and divide the areas by Oncomelania 
islet average distance to the settlements, such as the Class 1 areas (1000m), including: Nanchang, Xinjian, 
Xingzi, Duchang; the Class 2 areas (1000m and 2000m), including: Jinxian, Poyang; the Class 3 areas 
(2000m), including: Yugan, Yongxiu. We make use of Theil coefficient to analyze spatial distribution 
infected by snail density and the number of Oncomelania islet. Theil coefficient is calculated as 
˅˄i
n
1i
jTwGTbTwTbT ¦
 
   
)/g(logGTb ij
n
1i
j pu ¦
 
 
)]//()/log[()/g()Tw(i
n
1i
ijijij PpGgG u ¦
 
 
¦
 
 
n
1j
jj gG
ˈ n321 ˈˈˈ! j  
¦
 
 
n
1j
ji pp
ˈ 321 ˈˈ i  ˈ n321 ˈˈˈ! j  
  Where Tb is 3 Class regional differences; Tw is Three types of regional differences between various 
regions, The difference is within the region Tw(i) of the weighted; i=1ˈ2ˈ3 ,it is representing the Class 1 
area, the Class 2 area, the Class 3 area; j is the number of Oncomelania islets in each Class , and there are 
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273 Oncomelania islets in the Class 1 area, 208 Oncomelania islets in the Class 2 area, 124 Oncomelania 
islets in the Class 3 area; inside, Gi is I-region infected Oncomelania density share the total density of 
infected Oncomelania density in Poyang Lake region; Pi is the number of Oncomelania I-region share the 
total number of Oncomelania in Poyang Lake; gj is J, sub-regional infected Oncomelania density share the 
total density of infected Oncomelania density in Poyang Lake region; pj is the number of Oncomelania J, 
sub-regional share the total number of Oncomelania in Poyang Lake. 
The Analysis of Schistosomiasis in Poyang Lake Region 
The Temperature and Precipitation in Poyang Lake Region.  
The changes of the annual average temperature around the Poyang Lake went through about two periods. 
The first period is the temperature decreasing process from1960s to 1980s with the temperature drop range 
is about 0.5ć. The second is an apparent temperature rising process after 1980s (Fig. 1). Since 1980s, the 
climate warming trend is magnificent with the extent of rise is above 1.0ć and the temperature keeps 
increasing. The average temperature in the region since 1980s is 17.69 ,ć  the minimum is 16.44ć 
(Yongxiu town, 1972) and the maximum is 19.66ć (Xinjian town, 2007). Moreover, the inter-annual 
change range of the temperature is apparent in those towns around Poyang Lake. 
 
 
 
The Epidemiological Characteristics of Schistosomiasis in Poyang Lake Region.  
During the year 1992 to 2008, the number that infected schistosomiasis has been increasing gradually 
(Fig. 3). At the end of 2010, the number of the patients in the region is about 450×104 . The actual number of 
the patients at the end of each year has fluctuant changes with the maximum 16.8×104 in 2006. At the end of 
2010, the actual number of the patients is 5.99×104 
Fig.1  8 counties in the average temperature plot from 1961 to 
2008 in Poyang Lake region 
Fig. 2 8 counties in the average precipitation plot from 1961 to 
2008 in Poyang Lake region 
2764   Liu Ying et al. /  Procedia Environmental Sciences  10 ( 2011 )  2760 – 2768 
 
Fig.3 Population distribution of schistosomiasis from 1992 to 2010 in Poyang Lake region 
Based on the patient number that infected schistosomiasis (×104 people) (Y), the annual average 
temperature (ć) and the average percipitation (mm), with the dualistic regression analysis, there is the 
conclusion: 
Y=59.151X1-0.015X2-632.472˄R2=0.649ˈF=5.57ˈP=0.027˅ 
The conclusion shows that the patient number that infected schistosomiasis has an apparent linear 
relationship with the annual average temperature and the annual average precipitation. The number of the 
Schistosomiasis infected patients has a proportional relation with the temperature and has an inverse 
relation with the percipitation. When the average temperature raises 1ć and the precipitation decreases 
100mm, the number of the schistosomiasis infected patients will increase 44.24×104; when the average 
temperature raises 1ć and the precipitation increases 3967.21mm, the number of the schistosomiasis 
patients will be stable. 
The analysis of Schistosomiasis Transmission Index.  
When the EMST is above 900, schistosoma may finish life cycle in oncomelania and begin to spread. 
Under the proper temperature, schistosoma development in the oncomelania will influence the 
geographical variation of the spatial distribution of schistosomiasis in Poyang Lake Region directly. 
According to EMST, the data during the year 1992 to 2008 was chosen to calculate. The calculated results 
can distinguish the differences in 8 sites in Poyang Lake schistosomiasis endemic areas obviously.  
According to the temporal distribution of schistosomiasis, in the first quarter of each year, the EMST is 0, 
except in marches in several years that the climate is suitable for schistosoma spreading; In the second 
quarter each year comes the first spreading peak with the EMST is above 1000. This indicates that the 
situation in the second quarter in Poyang region can meet the schistosoma development condition and the 
schistosomiasis spreads quickly. The third quarter each year is not suitable for the schistosomiasis 
spreading. In July and August each year, the index is below 200 and sometimes is even 0. Not until the end 
of the third quarter and the beginning of the last quarter each year, the chistosomiasis transmission comes 
into the second peak (September and December). In the middle and at the end of the fourth quarter, the 
EMST in Poyang Lake region is almost 0. According to the analysis above, the chistosomiasis transmission 
is extraordinarily various in different periods.  
According to the spatial distribution (Fig. 4), in the 20th century, the maximum number of the days that 
suitable for the development of oncomelania and schistosoma is in the south of Poyang Lake region 
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(Nanchang in 1992, Yugan in 1997). In the 21st century, the maximum number of the days that suitable for 
the development of oncomelania and schistosoma is in the north of Poyang Lake region (Xingzi and 
Duchang). Because of the climate change, the suitable living condition for its in the lake region has moved 
to the north. This will lead to the north move of the chistosomiasis spreading. In one year, the EMST in the 
towns around the lake are almost on the same level with highest index during April to June and higher index 
in September and October. In the 21st century, the difference of EMST keeps enlarging in town around the 
lake region. The difference in the index in one year’s different periods is also becoming wider. The analysis 
shows that the EMST not only has differences in years, but also has variations in different towns around the 
lake. 
 
Fig.4 The EMST and the number of the days that suitable for the development of oncomelania and schistosoma in Poyang Lake region 
in 1992,1997,2002,2007 
With meteorological data such as temperature and precipitation and the improved Malone chistosomiasis 
transmission index model, the EMST comes out. The calculation and analysis further prove the scientific in 
the prediction of the chistosomiasis transmission in Poyang Lake region. In recent years, the chistosomiasis 
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in this region has intimate relationship with the change of the region’s temperature and precipitation. 
Meanwhile, because the variation of oncomelania islets spatial distribution determines the difference of the 
oncomelania spatial distribution, it is the must way before the study of the chistosomiasis developing trend 
in this region.  
Spatial analysis on the distribution of Oncomelania islet in Poyang Lake Region 
Oncomelania, the only intermediate host of schistosoma, is the most important biological factor that 
influenced the spread of Schistosomiasis. Oncomelania islets are distributed among seasonal flood zones in 
Poyang Lake Region. Seasonal flood fluctuations there provide a suitable condition for the breeding and 
growth of Oncomelania. 
There was little change as a whole on difference among three regions from 2003 to 2009. The difference 
among regions was far more above the difference in the third region. The difference was raised gradually in 
the second region. The differences in the first and the second region were far more above which in the third 
region. These differences showed that the infected Oncomelania density of Oncomelania islet in Poyang 
Lake Region was greatly influenced by the distance between Oncomelania islet and residential site, which 
further expanded the general differences among regions. There were great differences between the first 
region and the second region, which affected the total difference of infected Oncomelania density in 
Poyang Lake Region significantly. The third region has a comparatively balanced difference, which has 
little impact on total difference. (Table 1) 
Tab 1 Theil coefficient of regional differences in composition table about the infected Oncomelania 
density from 2003 to 2009 in Poyang Lake region 
Year The first region Percentage 
the second 
region Percentage
The third 
region 
Percenta
ge 
Regional 
differences 
Percenta
ge 
Total 
difference 
2003 0.121 34.87% 0.020 5.76% 0.015 4.32% 0.191 55.04% 0.347 
2005 0.156 52.88% 0.024 8.14% 0.004 1.36% 0.111 37.63% 0.295 
2007 0.191 36.31% 0.151 28.71% 0.059 11.22% 0.125 23.76% 0.526 
2009 0.133 27.03% 0.225 45.73% 0.018 3.66% 0.116 23.58% 0.492 
According to the trend of regional total differences from 2003 to 2009, the Theil coefficient of total 
differences in 2007 was in the peak, which indicated that the regional differences of the infected 
Oncomelania density was expanding in Poyang Lake Region. Meanwhile, the differences of the first and 
the second region started to change. The contribution rate of the differences among three regions on total 
differences of the infected Oncomelania density was less than 50%, which revealed that the total 
differences of the infected Oncomelania density mainly came from the unbalance of the infected 
Oncomelania density among regions in Poyang Lake Region. In detail, the difference in the third region 
takes a low proportion on the contribution rate and always in small amplitude. The difference contribution 
rate of the first region falls from above 50% to 27.03%, but still plays the dominant role. The total 
difference contribution rate of the second region raised from 5.76% in 2003 to 45.73% in 2009, which 
indicates that the infected Oncomelania density of Oncomelania islet has gradually transferred from the 
first region to the second region, moving closer to residential site. 
Judging from the trend of development, the total differences of the infected Oncomelania density are 
still in small amplitude in Poyang Lake Region. The differences of the second region will maintain at the 
leading role for a period of time, and then it will decline gradually. After the third region will go upward and 
finally stay at the balanced differences among three regions, that is the influence of three region on the 
infected Oncomelania density of Oncomelania islet in Poyang Lake Region would be on the same level. 
Therefore, we could see from the results here that during recent times, the closer between Oncomelania islet 
and residential site, the more infected Oncomelania, and the more probability of spreading Schistosomiasis. 
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Conclusion & Discussion 
(1) The population in epidemic has a significant linear relationship with average temperature and 
precipitation each year. In detail, the results showed that growth of population in epidemic is related to 
temperature positively whereas related to precipitation inversely. According to the data that average 
temperature is raised at 0.076  per yearć , precipitation is changed from -300 to 300 mm in Poyang Lake 
Region. We could calculate out the growth of population in epidemic there will between 2.23~49.56×104 
person per year. 
(2) The temperature is suitable for the breeding and growth of schistosoma and its only intermediate host 
Oncomelania in Poyang Lake Region. Precipitation from March to June has a great impact on the breeding 
and growth of schistosoma and its only intermediate host Oncomelania, whereas precipitation on 
September and October has little influence on them. The spread of Schistosomiasis is not only varied in the 
scale of time, but also of great differences on space in each county of Poyang Lake Region. Affected by 
climate change, habitat for Oncomelania and schistosoma has been moved northward, which may lead to 
the spread of Schistosomiasis moving northward as well. 
(3) Based on the average distance between Oncomelania islet and residential site, three regions could be 
divided. By using Theil coefficient, the infected Oncomelania density of Oncomelania islet has transferred 
from first region to second region gradually, which is moving forward residential site. Judging from a 
long-term development trend, the influence of three regions on the infected Oncomelania density of 
Oncomelania islet in Poyang Lake Region would be on the same level. However, during recent times, the 
closer between Oncomelania islet and residential site, the more infected Oncomelania, and the more 
probability of spreading Schistosomiasis. 
The study here on spatial and temporal distribution of Schistosomiasis' epidemic mainly concerned from 
temperature and water, which is the indicator of geographical factors affected the breeding and growth of 
Oncomelania and schistosoma. Since we don't have data about human and animal infected Schistosomiasis 
in a continuous time, the risk of infection (the intensity of contact with infested water by human and animal 
as the end-host in the spread of schistosomiasis) has not concerned here. Therefore, this paper could be 
considered as a study on the influence of climate factors (temperature and precipitation) on the spread of 
schistosomiasis. Artificial measures, such as water conservancy construction in Poyang Lake Region etc., 
will affect the spread of schistosomiasis as well; we should combine these factors to improve our further 
studies. 
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